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PHOSPHINYLALKANOYL SUBSTITUTED PROLINES J 

q 

J ^> ^ Background of the Invention 

t The recent literature discloses a variety 
of mercaptoacyl amino acids which are useful 
for inhibiting the conversion of angiotensin I 
to angiotensin II in mammals, and are, therefore, 
useful in the treatment of % hyper tension - 

^nited States ^itenl 4 , 105 ,776, issued 
^ugusS' 8 , 1978 discloses mercaptoacyl amino 
acids wherein the amino acid is, inter alia , 
proline, 4 -hydroxyproline t and 4 -alkylprol ine . 

(ynited Stat'e^aten^4 , 154 f 9 35 , issued 
May 15, 19 79 disclosTes mercaptoacyl amino acids 
wherein the amino acid is, inter alia , 4-halogen 
substituted proline or 4 , 4 -dehalogen substituted 
proline. 

United Kingdom patent appl ication^2 , 0 2 7 , 0 2 5 , 
published ^bruaryj5l3, 19 80, discloses mercaptoacyl 
amino acids wherein the amino acid is 5-substituted 
prolines . . J^J<& 

United Kingdom patent appl ication^2 , 0 28 , 32 7 , 
published<f|larcj^ 5, 1980, discloses mercaptoacyl 
amino acids wherein the amino acid is, inter alia , 
proline substituted in the 3- or 4-position with 
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with a group having the formula R-S- or R^- 
wherein R is alkyl, alkenyl, alkynyl, phenyl, 
substituted phenyl, phenylalkyl or substituted 
phenylalkyl . 

5 /united State^^ate^4 , 16 8 , 2 6 7, issued 

^eptemberS 18, 19 79 discloses phosphinylalkanoyl 
prolines and esters or salts thereof. 

The compounds disclosed by the above mentioned 
references are disclosed as inhibitors of the 
10 action of angiotensin converting enzyme in 

mammals and as useful hypotensive agents. 
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CL' Brief Description of the Invention 
c-) Compounds having the formula 



5 



O R 0 O O 

R 1 -P- (CH 2 ) n -CH — C-R 5 -C-OR 4 , 
OR 2 



10 



^and salts thereof , have hypotensive activity. 
In formula I, and throughout the specification, 
the symbols are as defined below. 

is alkyl, aryl , arylalkyl , cycloalkyl, 
or cylcoalkyl (alkyl ) ; 

■p R and R. each is independently hydrogen, 
alkyl, arylalkyl^ or 



15- 



O 
II 



~00ty[ ^ -CH-O-C-Y 



So 



20 



|wherein X is hydrogen, alkyl, 

phenyl and Y is hydrogen, alkyl, 
phenyl or alkoxy, or together X and Y are 

-(CH,),-, -(CH_) -CH=CH-, or 

2 2,^ ^ 2 3^ ^ ^ 




is hydrogen or alkyl ; 



-R.--COOR. is 
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■COOR, 
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Z-R 
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R^ is hydrogen, hydroxy, alkyl, halogen, 
azido, amino, cycloalkyl, aryl, arylalkyl, 
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carbamoyloxy I (-0-C-NH 2 > , 



In, N-dialkylcarbamoyloxy , 



7 and are the same and each is halogen 
or -Z-R n n , or R_ and together are =0, 



-0-(CH o ) -O- or -S-(CH 0 ) -S-; 

' 2 /^<pU ' 2 m^ fty 

f ^ R 8 is h Y dro 9 en anc ? R 8l is P hen Y 1 ' 2 -hydroxy- 
phenyl or 4-hydroxyphenyl or R Q and Rg together 
6°. are =0; 

^ R^ is alkyl, aryl, arylalkyl, 1- or 2-naphthyl , 

10 or biphenyl; 

P 

f R is alkyl, aryl or arylalkyl; 



10 

!| Z is oxygen or sulfur; 

n is 0 or 1 ; and 
^ m is 1 or 2 ; 

^QQ^))^15 with the proviso that if -R 5 -COOR 4 is tN 1 — COOR 4 , 



^ 8 - at least one of R 2 and R^ 




The term "aryl", as used throughout the 
20 specification either by itself or as part of a 

larger group, refers to phenyl or phenyl substituted 
with halogen, alkyl, alkoxy, alkylthio, hydroxy, 
alkanoyl, nitro, amino, dialkylamino , or trifluoro- 
methyl groups. Phenyl and mdnosub stituted phenyl 
25 are preferred and phenyl is the most preferred. 
S7^SI Th< 2 term "alkyl", as used throughout the 
specification either, by itself or as part of a 
larger group, refers to group's having 1 to 10 
carbon atoms. Alkyl groups having 1 to 4 carbon 
30 * atoms are preferred. 

3f^?S<f The term "cycloalkyl" , as used throughout 
the specification either by itself or as part of 
a larger group, refers to groups having 3 to 7 
carbon atoms . 

35 
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The term "alkoxy" , as used throughout the 
specification either by itself or as part of a 
larger group, refers to groups having 1 to 8 
carbon atoms. Alkoxy groups having 1 to 3 .carbon 
atoms are preferred. 
!f${3>^ The terrn "halogen" , as used throughout the 
specification either by itself or as part of a 
larger group, refers to fluorine, chlorine, 
bromine and iodine. The preferred halogen groups 
are fluorine and chlorine. 
3?jS|' The term "alkanoyl", as used throughout the 
specification either by itself or as part of a 
larger group, refers to groups having 2 to 9 
carbon atoms. 

( Detailed Description of the Invention 
^ The compounds of formula I, and salts thereof, 
are hypotensive agents. They inhibit the conversion 
of the decapeptide angiotensin I to angiotensin II 
and, therefore, are useful in reducing or relieving 
angiotensin related hypertension. The action of 
* the enzyme renin on angiotens inogen , a pseudo- 
globulin in blood plasma, produces angiotensin I. 
Angiotensin I is converted by angiotensin converting 
enzyme (ACE) to angiotensin II. The latter is an 
active pressor substance which has been implicated 
as the causative agent in several forms of 
hypertension in various mammalian species, 
e.g ., humans. The compounds, of this invention 
intervene in the angiotensinogen-^ ( renin) -^angiotensin 
^)l^ (ACE) ^angiotensin II sequence by inhibiting 
angiotensin converting enzyme and reducing or 
eliminating the formation of the pressor substance 
angiotensin II. Thus by the administration of 
a composition containing one (or a combination) 
of the compounds of this invention, angiotensin 
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dependent hypertension in a species of mammal 
"( e.g. , humans) suffering therefrom is alleviated. 
A single dose, or preferably two to four divided 
daily doses, provided on a basis of about 0.1 to 
5 100 mg . per kilogram of body weight per day, 

preferably about 1 to 15 mg . per kilogram of 
body weight per day is appropriate to reduce 
blood pressure. The substance is preferably 
administered orally, but parenteral routes such 

10 as the subcutaneous, intramuscular, intravenous 
or intraperitoneal routes can also be employed. 

The compounds of this invention can also 
be formulated in combination with a diuretic 
for the treatment of hypertension. A combination 

15 product comprising a compound of this invention 

and a diuretic can be administered in an effective 
amount which comprises a total daily dosage of 
about 30 to 600 mg . , preferably about 30 to 330 mg . 
of a compound of this invention, and about 15 

20 to 300 mg . , preferably about 15 to 200 mg . of 

the diuretic, to a mammalian species in need 
thereof. Exemplary of the diuretics contemplated 
f or . use in combination with a peptide of this 
invention are the thiazide diuretics, e.g. , 

25 chlorthiazide , hydrochlor thia zide , flume thia zide , 

hydroflumethiazide , bendrof lumethiazide , 
me thychlo thiazide , trichlorme thia zide , poly thiazide 
or benzthiazide as well as ethacrynic acid, 
ticrynaf en , chlorthalidone , f urosemide , musolimine, 

30 bumetanide, triamterene, amiloride and spironolactone 
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and salts of such compounds. 

The compounds of formula I can be formulated 

for use in the reduction of blood pressure in 

compositions such a*s tablets, capsules or elixirs 
5 for oral administration, or in sterile solutions 

or suspensions for parenteral administration. 

About 10 to 500 mg. of a compound of formula I 

is compounded with a physiologically acceptable 

vehicle, carrier, excipient, binder, preservative, 
10 stabilizer, flavor, etc., in a unit dosage form 

as called for by accepted pharmaceutical practice. 

The amount of active substance in these compositions 

or preparations is such that a suitable dosage 

in the range indicated is obtained. 
15 * The phosphinylalkanoyl substituted prolines 

of formula I can be prepared by reacting a proline 

derivative have the formula 



H-R 5 -C-OR 4 



with a phosphinyl -acetic or propionic acid having 
the formula 



III 



R 3 

\0b^l X R l~jf (CH 2 ) n -CH-COOH 



OR 2 



^ v In formula n and throughout the specification, R^His 
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^The reaction can be 
accomplished using knoWnT amide bond forming 
procedures. For example, the reaction can be 
run in the presence* of a coupling agent such as 
5 dicyclohexylcarbodiimide, or the; acid of formula III 

can be activated by formation of its mixed 
anhydride, symmetrical anhydride, acid halide 
(preferably acid chloride) or acid ester, or by 
the use of Woodward reagent K, N-ethoxycarbonyl-20 
10 ethoxy-1 , 2-dihydroquinol ine, n , N ■ -carbonyldiimidazole 

or the like. A review of these methods can be 
found in Methoden der Organischen Chemie (HoubenQ) 
Weyl), Vol. XV, part II, page 1 et seq. (1974).- 
The product of the reaction has the formula 



15 



IV 



< 1 r..-p-(ch 0 ) -ch-c-r,-c-or; 

1 i 2 n 5 <■ 



\ 

OR 
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| Compounds of formula I wherein R 2 is hydrogen 
can alternatively be obtained by (i) treating a corres- 
ponding compound of formula IV wherein R 2 is alkyl with 
a halosilane such as bromotr imethylsilane and 
25 then water or (ii). catalytic hydrogen ation of 
a corresponding compound of formula IV wherein 
R^ is arylalkyl, e.g. , using palladium on charcoal. 
These products have the formula 
r — 
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O R 0 O O 

H I 3 || || 

R-, -P- (CHJ -CK-C-R.-C-OR! 
x I 2. n 5 4 

OH 
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Compounds of formula I wherein is hydrogen 

i.e./ compounds having the formula 



VI 



O R 0 O O 

*A lAA " I 3 II II 

0 ItyVj )C_ R 1 -P- („CH 2 ) -CH C-R 5 -C-OH, 

OR 2 



can be obtained by basic hydrolysis of a compound 
of formula IV or V. Alternatively, a compound of 
formula IV or V wherein R^fjis an easily removable 
ester group (such as t-butyl ) can be treated with 
tr if luoroacetic acid and anisole to obtain the 
carboxylic acids of formula I. 

The phosphinylalkanoyl substituted prolines 
of formula I wherein n is 1 can alternatively be 
prepared by reacting a proline derivative of formula 
II with a phospholane having the formula 



VII O R 0 
11 I 3 
R 1 -P CH 2 -CH 



O— c=o 



^The reaction proceeds most readily when run in 
the presence of an organic base, e.g. , triethyl- 
amine, pyridine, N, N— dimethylamine or the like, 
in an inert organic solvent such as ace tonitrile , 
dichloromethane , ether, tetrahydrof uran , or the like 
Phosphinyl -acetic or propionic acid derivatives of 
formula III can be prepared using known^grocedures; 
see, for example, edited Stat^^aten^4 , 168 , 267 , 
issued ^ptember> 18 , 1979. Phospholanes of 
formula VII can. be prepared following the procedures 
described in Zh. Obsh . Kim., 3_7:411 (1967) and 
Zh. Obsh. Kim., 38:288 (1968). 
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The proline esters of formula II are known 
or are readily obtainable using known esterif ication 
techniques which are illustrated in the examples . 
Various substituted prolines are disclosed by 
Manger et al . , Chem. Rev., 6_6:47 (1966). Ondetti 
et al . disclose various alkyl, halogen, ether 



and thioether substituted prolines in U . S . ( 1?a t enfcsj 
4,105,776, 4,154,935, and U.K. Appl ication^2 , 0 2 8 , 3 2 7 . 
Iwao et al . in U. K. Application^ 2 ,0 27 , 0 2 5 disclose 
various 5 -substituted prolines. 

As disclosed by Krapcho in U. S. ^Serial No. 
6 6,119, filed (Augusj^ 12 , 1979 , the carbamoyloxy 
substituted prolines can be obtained by reacting 
the hydroxy substituted N-protected proline with 
phosgene and then*a dialkylamine . Removal of 
the N-protecting group yields the desired starting 
material . 

As disclosed by Krapcho m U . S. (Serial/ 
No. 9 9,164, filed November 30, 1979, the prolines 
of the formula V"" 



mo* r^i 

HN 1 



HN « COOH, 

(D 



and esters thereof, can be prepared by reacting a 
keto compound of the formula 



HA224 
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ix 0 
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CH 2 -0-C N- 



(L) 



-COOH, 



or ester thereof, with an alcohol or thiol having 
the formula r ^ 



10 ~ ' & 

PS in the presence of an or thof orina te or thioformate 

of the formula HC ( Z-R, n ) - and an acid such as 

^ 10 3 

15 concentrated sulfuric acid or p-toluenesulf ohic 

acid. Removal of the carboben zyloxy group by 
catalytic hydrogenation when Z is oxygen or by 
treatment with hydrogen bromide and acetic acid 
when Z is sulfur yields the desired compound, 

20 ^ As disclosed by Krapcho in U. S . ^SeriaJ& No . 

164,985, filed ^ugust)7 f 1980, the 4 -substituted 
proline starting materials wherein the substituent 
R 4 is cycloalkyl, aryl , or arylalkyl can be prepared 
by reacting a 4-keto proline of formula IX, or 

25 ester thereof, with a solution of Grignard reagen 



t f^- 



fxnp 



T^- R 6 -Mg-halo t\ (fe I or 

( CLl_ithium reagent 
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XII/ 



A... R 6 -LX 



5 f-2> to yield a compound of the f ormula 



H 



XIII 

(<9I30* , ; R p< B 

10 /^S-CH 0 -0-C— N 1 COOH 

Z (D 

(75 or ester thereof. This compound can be treated 

with a dehydrating agent such as p-toluenesulf onic 
acid, sulfuric acid, potassium bisulfate, or 
15 trif luoroacetic acid to yield a 3 , 4 -de hydro- 40 

substituted proline having the formula 



XIV 

20. O f^l 

Tola* < ( ) ) CH.-O-C-N- ■ 'COOH 

X ' 2 (L ) 

|^ or ester thereof. Removal of the N-benzyloxy- 
25 carbonyl protecting group and hydrogenation of 

the resulting compound yields the desired 4-sub- 
stituted proline derivatives. The substituted 
proline wherein R^ is cyclohexyl can also be 
prepared by further hydrogenation of the 4-phenyl- 
3q proline compound. 
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Additional processes for preparing the 
compounds of this, invention will be apparent 
to the practitioner of this invention. For 
example, the carboxyl group of a proline derivative 
having the formula 



10 K ~' 



XV o 

It 



H-R 5 -C-OH 



can be protected, e.g. , by conversion to an amine 
salt, or a 2-hydroxyethyl -or dipheny Imethyl ester, 
reacted with a phosph iny 1-acetic or propionic 
acid of formula III, and then deprotected to 
yield a product of formula VI. 
15 Ester if ication of a product of formula 

VI using art-recognized procedures yields the 
corresponding product of formula IV. 

An alternative procedure for preparing 
the compounds of this invention wherein R~ is 

i — n/ 5 

* alkyl, arylalkyl or /-CH-O-C-Ylgnd R 4 is hydrogen 

X 



comprises first alkylating the corresponding 
compound of formula V and then subjecting the 
resulting compound to basic hydrolysis . 

The practitioner of this invention will 
also appreciate that the phosphinylalkanoyl-4^ 
aminoprolines of this invention can be prepared 
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from the corresponding phosphinylalkanoyl-4C^ 
azidoprol ines and the ph.osph inyl al kanoy 1 - 4 © 
azidoprol ines can be prepared from the corresponding 
phosphinylalkahoy 1-4 -hydroxypro.l ines . 

The compounds of this invention wherein one 



/ S \f» 

is I -CH 2 ~0-C-C (CH 3 ) J /;( x . e . , pivaloyloxy- 



of R 2 and R 4 

methyl) and the other is hydrogen are preferred 
esters of this invention. . 

The compounds of this invention wherein 
at least one of R 2 or is hydrogen, form 

basic salts with various inorganic and organic 
bases which are also within the scope of the 
invention. Such salts include ammonium salts, 
alkali metal salts like lithium, sodium and 
potassium salts (which are preferred), alkaline 
earth metal salts like the calcium and magnesium 
salts, salts with organic bases, e.g. , dicyclo- 
hexylamine salt, benzathine, N-methyl-D-gluc amine , 
hydrabamine salts, salts with amino acids like 
arginine, lysine and the like. The nontoxic, 
physiologically acceptable salts are preferred, 
although other salts are also useful, e.g. , 
in isolating or purifying the product. The salts 
are formed using conventional techniques. 

The following examples are specific 



* ■ ... 
embodiments of this invention, 
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C-(f £//<C ■ Example 1 



(S) -7- [ [Ethoxy (4 -phenylbutyl) phosphinyl J ace tyl ] Q > 
ft 1 f 4-dithia-7razaspiro [4 . 4] nonane-8-carboxylic 
ac id , methyl ester ■ 

f C [Ethoxy (4-phenylbutyl) phosphinyl J acetic 
acid (2.42 g), acetonitrile (25 ml) and carbonyl- 
diimidazole (1.32 g) are allowed to stir under 
argon at 0°C for 1 hour. 4 ,-4 -Ethylenedithio- 
proline, methyl ester (1.48 g) is added to the 
10 mixture/ which is then allowed to stir at room 

temperature for about 16 hours. The solvent is 
stripped off leaving an oil that is diluted with 
ethyl acetate (10 0 ml) , washed with 5% potassium 
bisulfate, washed with saturated sodium bicar- 
15 Bonate and filtered through anhydrous sodium 

sulfate. The solvent is stripped off yielding 
the title compound as an oil (3.44 g) . 

!|C^ Example 2 

2 q (S) -7- [ [Hydroxy (4-phenylbutyl) phosphinyl J ace tyl ] ~ ) 

Hi 1 / 4-dithia-7-azaspiro [4 .4] nonane- 8-carboxyl ic 
/ « 

acid, methyl ester 
/^d)^ (S) -7- [ [Ethoxy (4-phenylbutyl ) phosphinyl ]- 
$1 % ^ acetyl ] -1 , 4-dithia-7-azaspiro [4 . 4 ] nonane-8£^ 
25 carboxylic acid, methyl ester (3.44 g) and dry 

dichloromethane (15 ml) are added to a flask 
under an argon atmosphere . Using a gas-tight 
syringe, bromotrime thyl silane (1.5 ml) is added 
to the flask, which is stirred for about 16 hours 
2q at room temperature. Ethyl acetate (50 ml) 
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and water (10 ml) are added to the flask and 
stirred for 30 minutes. The mixture is diluted 
with ether and transferred to a separatory 
funnel. The organic layer is extracted with 
5 saturated sodium bicarbonate (two 25 ml portions) 

and the extract is acidified to pH 1.0. to 
precipitate product which is extracted into 
ethyl acetate. The ethyl acetate extract is 
washed with, brine, run through sodium sulfate 
10 to dry, and the solvent is stripped leaving the 

title compound as an oil (2.99 g) . 



, ' ' t/C U[ C Example 3 

C,£ J!^J^} (S)-7- [ [Hydroxy (4-phenylbutyl ) phosphinyl] acetyl] 0 
15 ^ ^ 1 , 4 -dithia-7-azaspiro [4.4] nonane-8-carboxyl ic acid 

~ 7 ~ [ t H y drox y (4-phenylbutyl) phosphinyl ]- 
% acetyl] -1 , 4 -di thia-7-a zaspiro [4 . 4] nonane-8£) 
carboxylic acid, methyl ester (2.99 g) and IN 
sodium hydroxide (15 ml) is stirred for 30 
20 minutes at room temperature. The reaction 

mixture "is extracted with . ether (50 ml) and 
the aqueous phase is acidified with concentrated 
hydrochloric acid to pH 1.0. A solid precipitates 
out of solution along with an oil. This is 
25 extracted into ethyl acetate, passed through 

sodium sulfate, and the solvent is stripped 
yielding 2.74 g of the title compound, melting 
%tq point 105.5-107°C. 
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Exampl e 4 

f U^tJ3J ) (S) -7- [ [Hydroxy (4 -phenylbutyl ) phosphinylj acetyl 
tft l^-dithia-V-azaspiro^ .4] nonane-8 -carboxylic 
acid, dilithium salt: 
5 CiP^ (S) -7- [ iHydroxy (4-phenylbutyl ) phosphinyl] - 
% 1 3 acetyl ] -1 f 4-dithia-7-azaspiro [4 . 4] nonane-80 

carboxylic acid (2,74 g) in IN lithium hydroxide 
(10.6 ml) is passed through a column of 80 ml of 
ion-exchange resin (AG50WX8 (Li + ) ) . The fractions 
10 containing product are filtered through a 

millipore filter and most of the -solvent is 
..stripped off. The eluate is lyophilized to 
give 2.53 g of the title compound as a powder. 
The product contains 2 moles of water and has 
MH$Z±5$$^* n optical rotation [a] = -13.2° (c=l 3 . 5mg /ml , methanol). 

r ' ■ OL ^(C Example 5 

0L » C^ 1 ^ ( S) -4-Hydroxy-l- [ [ethoxy (4-phenylbutyl ) phosphinyl ] - 
^ acetyl ] -L-proline , methyl ester 

20 j/ 9 A mixture of [ethoxy (4 -phenylbutyl ) phosphinyl ] - 

acetic acid (1.71 gj, acetonitrile and carbonyl- 
diimidazole (0.97 g) is stirred under argon at 
Sfe? 0°C for 1 hour. (S ) -4-hydroxyproline /methyl 

ester (0.006 mole) is suspended in acetonitrile, 

25 added to the mixture and stirred at room temperature 

90 minutes. Solvent is stripped off, and the 
resulting oil is taken up in ethyl acetate, 
washed with 5% potassium bisulfate, washed with 
saturated sodium bicarbonate, washed . with brine , 

30 dried over magnesium sulfate., and the solvent 

stripped to leave 2 . 23 g of the title compound 
as an oil . 
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Example 6 

OLJ^J^i (S) -4-Azido-l- [ [ethoxy (4-phenylbutyl ) phosphinyl] - 
? acetyl] -L-proline /methyl' ester 

tPf$y (S) -4-Hydrox.y-l-I [ethoxy (4-phenylbutyl) - 

phosphinyl] acetyl] -L-prol ine , methyl ester (2.0 g), 
triphenylphosphine (.2.57 g) , 2.1 N hydrazoic 
. J acid/b enzene (12 ml , >5 equivalents) and dry 
acetonitrile are stirred under argon at room 
temperature for 30 minutes. Diethyl azocarboxylate 
10 (1.71 g) in acetonitrile (5 ml) is added dropwise 

over 30 minutes. After 18 hours the reaction is 
still incomplete [as shown by thin-layer chroma- 
tography) and triphenylphosphine (1 equivalent) , 
diethyl azocarboxylate (.1 equivalent) and 2.1 N 
15 hydrazoic acid (6 ml) are added. After 4 hours 

the reaction is complete. Nitrogen is bubbled 
through the solution to remove excess hydrazoic 
acid and the solvent is stripped leaving an oil. 
The oil is chroma tog raphed on 100 mg of silica 
20 gel, eluting first with ethyl acetate and then 

with 3% methanol/ethyl acetate , to give 1.64 g 
of the title compound, 

C4^,(j( Example 7 ■ 
(jLJ 02 5 ^ (S) -4-Azido-l- [ [hydroxy ( 4-phenylbutyl ) phosphinyl J - 



30 



^ acetyl ] -L-proline , methyl ester 

f"(j^ (s) -4-Azido-l- I [ethoxy (4-phenylbutyl) - 
(J) phosphinyl] acetyl ] -L-proline , methyl ester 
(1.60 g) , dry dichloromethane and bromotri- 
methylsilane (0.85 g) are stirred under argon 
at room temperature. After 19 hours, an 
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additional equivalent of bromotrimethylsilane 
is added and stirring is continued for 2 hours. 
Excess bromotrimethylsilane and dichloromethane 
is removed in vacuo and the residue is treated 
5 with ethyl acetate/water and stirred for 15 

minutes. The layers are separated and the 
ethyl. acetate layer is extracted with saturated 
sodium bicarbonate. The aqueous extracts are 
acidified to pH 1.0 with concentrated hydrochloric 
10 acid and extracted with ethyl acetate. The 

extract is washed with water, brine, dried over 
sodium sulfate/ and the solvent stripped to 
yield 1.35 g of the title compound as an oil. 

15, * I^CL > C/'f Example 8 

tJL(j^ ^ (S) -4-Azido-l- [ [hydroxy (4 -phenyl butyl ) phosphinyl J - 
^% acetyl] -L-proline 

'P 0|) (S) -4-Azido-l- [ [hydroxy (4 -phenylbutyl ) - 
fd\^ phosphinyljacetyl] -L-proline, methyl ester 
2 0 (1.30 g) and IN sodium hydroxide (about 15 ml) 

is stirred for 30 minutes. The reaction 
mixture is ^acidified with concentrated hydro- 
chloric acid, extracted with ethyl acetate, 
washed with water, washed with, brine, dried 
25 over sodium sulfate, and the solvent is stripped 

yielding 1.11 g of the title compound having an 
(^%$>%$[ optical rotation [a] D = -22.3^(c»^0 mg/ml , methanol ) 
fT^The product contains 1/2 mole of water. 
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;•{.- U[C ' Example 9 
£V m ( fj^l (S) "4-Amino-l - [ [hydroxy (4 -phenylbutyl) phosphinyl J - 
I acetyl] -L-proline 

! ^iy A mixture of * (S) -4-azido-l- [ [hydroxy (4<g> 
5 ^fj phenylbutyl) phosphinyl] acetyl] -L-pro.line (0.8 g) 
acetic acid (about 20 ml) and 10% palladium 
on charcoal is hydrogenated on a Parr apparatus 
for 3 hours. The reaction mixture is filtered 
through Celite to remove the catalyst and the 
10 solvent is stripped leaving an oil. The oil is 

* diluted with water and washed several times 

with ethyl acetate. The aqueous phase is 
lyophilized yielding 0.48 g of crude product 
as a solid. Crude product (.400 mg) is run on 
a column of ion-exchange resin AG50X8 (about 
30 ml)*, eluting first with water and then with 
a pyridine-acetic acid buffer (pH 6.5) . The 
fractions containing the desired material are 
combined and evaporated leaving a glass, which 
20 is dissolved in water and lyophilized yielding 

300 mg of the title compound having an optical 
1 5^3^fd rotation [ot] D = -24.8° (c=10mg/ml , methanol). 

CA,,0i€l Example 10 
\f (j£f 2 5 ^ (R)-i- [ [Ethoxy (2-phenylethyl ) phosphinyl] ,acetyl-4# 
hydroxy-L-proline ,methyl ester 
® f(,% [Ethoxy (2-phenylethyl) phosphinyl] acetic 
acid (1.27 g) and carbonyldiimidazole (.0.8 g) 
•^are stirred in 25 ml of acetonitrile at 0°C 

for 1 hour. trans -4 -Hydroxy-L-proline , methyl 
ester Hydrochloride (1.0 g) is shaken with 
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triethylamine (0.76 ml) in 10 ml of acetonitrile 
and filtered directly into the reaction mixture. 
After standing under nitrogen for 6 days at 
room temperature, the mixture is taken up in 
ethyl acetate (.500 ml) and 5% sodium bisulfate 
(10 ml). The organic layer is washed with 
brine (10 ml) , followed by saturated sodium 
bicarbonate, a second brine washing, and then 
dried over sodium sulfate and evaporated . The 
residue, 1.8 g, is crystallized from toluene 
yielding 0.6 g of the title compound, melting 
point 126-128°C. . 



w^u^^t^ ^ Example 11 
C<f ($* IS^S^ ^ s ) " 7 ~ t [Hydroxy ( 2- phenyl e thyl ) phosph inyl ] acetyl] € 



^ 1 , 4-dioxa-7-azaspiro [4 . 4 ] nonane-8-c arboxyl ic acid , 

ammonia salt 

(a) (S) -7- [ [Benyloxy ( 2-phenyle thyl ) phosph inyl ] acetyl ] g) 
^ { 1 , 4-dioxa-7-azaspiro [4.4] nonane-8-carboxylic acid, 
2 -hydroxy ethyl ester 

Carbonyldiimidazole (2 .04 g) is added to 



20< 



a cooled solution (0°C) of benzyloxy ( 2-phenyl- 
ethyl Jphosphinylacetic acid (4.0 g) in acetonitrile 
25 (50 ml) and the mixture is stirred for 1 hour. 
\ tfl A solution of 1 , 4-dioxa- 7-azaspiro [4 . 4 ] nonane-8^ 
carboxylic acid, 2-hydroxyethyl ester is added 
|g)and stirred for 1 hour at 0°C and for about 16 
hours at room temperature. The mixture is taken 
^ 0 * up in ether, washed with 5% potassium busulfate, 
followed by brine, saturated sodium bicarbonate 
and two additional brine washes, and then dried 
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over sodium sulfate and evaporated to give 5.6 g 
of an oil. The oil is flash chroma tographed on 
silica gel eluted with ethyl acetate and ethyl 
acetate/methanol (9:1) yielding 3.5 g of the title 
compound as an oil . 

(f B) (S ) -7" [ [ Hydroxy, (2-phenyl ethyl) phosphinyl ] acetylJh 
1 , 4 -dioxa-7-a zaspiro [ 4 . 4 J nonane-8 -carboxy lie acid , 
ammonia salt 

0 



'J? 
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10 jf CD ' (S)-7- [ [Benzyloxy ( 2-phenylethyl ) phosphiny 1 J - 
^ acetyl]- 1 , 4-dioxa-7-azaspiro [4.4] nonane-8-carboxylic 
acid, 2-hydroxyethyl ester (3.3 g) is dissolved 
in 50 ml of methanol, and lithium hydroxide mono- 
brydrate (0.54 g) dissolved in a small amount of 
water is added. $tie mixture is stirred for 
1 hour at room temperature and hydrogenated 
over 1 g of 10% palladium on charcoal at 1 
atmosphere for 3 hours. The mixture is stirred for 
1 hour at room temperature and hydrogenated 
over 1 g of 10% palladium on charcoal at 1 
atmosphere for 3 hours. The mixture is filtered 
through Celite, the filtrate evaporated to 
dryness and the residue dissolved in water which 
is filtered through a Millipore filter and 
lyophilized yielding 2.84 g of material. Chroma- 
tography of this material on 150 ml of Sephadex 
(OH form, pH 7.4) eluted with a gradient buffer 
(0.005 M to 0.5 M ammonium bicarbonate). Fractions 
which are pure (electrophoresis) are combined, 
evaporated and lyophilized from water (twice) 
yielding 1.1 g of the title compound having an 
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^^^t c S^Ooptical. rotation £a] D =-25.9° (c=l/ water) 
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2C (fs0J 1- [ [Hydroxy ( 4-phenyibutyl ) phosph inyl ] acetyl ] -L0 
proline, (2 , 2 -dimethyl -1-oxoprbpoxy ) methyl ester 
^ ■ Hydroxy (4 -phenylbutyl) phosph inyl acetic 

5 acid (51.2 g) is suspended in 300 ml of dichloro- 
me thane and 1 ml of dime thy If ormamide in a 
magnetically-stirred 100.0 ml • three-neck flask 
with thermometer and condenser. The mixture is 
*2,0; cooled to 5°C with an ice bath and thionyl 
10 chloride (.16.1 ml) is added. The bath is removed 
and the mixture is stirred at room temperature 
for forty-five minutes. A heating mantle is * 
fitted and the mixture is refluxed for seventy-five 
minutes. Steady evolution of gas continues until 
15 the end of the reflux period, when it stops. 

The flask is cooled to 5°C and a solution of 
proline pivaloyloxymethyl ester tosylate (86.0 g) 
in 300 ml of dichloromethane (previously dried - 
with 10 g of molecular sieves) is added.' Triethyl- 
20 amine (85 ml) is added, causing a rise in temperature 
^0 to 25°C. The mixture is stirred for about 16 hours 

and then washed with three 100 ml portions of IN HC1., 
then brine, and evaporated to a residue (106.6 g) . 
The residue is dissolved in 400 ml of acetone and 
25 added dropwise through a needle to 2000 ml of water 
containing seed crystal and vigorously stirred 
in a 5000 ml flask. The product precipitates as 
a powder which is. filtered immediately and dried 
at first in vacuo (.1 .mm, dry ice trap), then 
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Exampl e 12 



30 



over silica gel to yield 86.5 g of the title 
compound, melting point 6 3— 66°C. 
( C J Anal Calc'd . for C 23 H 35 N0 7 P H' 2 0: C, 56.90; 
H, 7.47; N, 2.89; P, 6 . 38@ 
Found: C, 57 . 0 2 ; *H , 7 . 35 ; N, 2.94; P, 6.4 ^ 

35 
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^ x ^X . (^€. * Example 13 



'Mj3< : ' (S) ~ 7 ~ [ [Ethoxy(4-phenylbutyl)phosphinyl]acetyl]g 
ff^ 1 , 4-dithia-7-azaspiro [4 .4 ] nonane- 8-carboxylic 
acid, ( 2 , 2-dimethyl-l-oxopropoxy) methyl ester 



[A) (S) -7- [ (1 , 1-Dimethylethoxy ) carbonyl] 
dithia-7-azaspiro [4 . 4 J nonane-8 -carboxyl ic acid t 
( 2 , 2-dimethyl-l-oxapropoxy) methyl ester 



>r To a mixture of 7 . 0 g of 1 , 4 -dithia^7©> 

10 azaspiro [4 .4] nonane-8-.carboxylic acid, hydrochloride, 

17.4 ml of water and 12.1 ml of tr iethylamine 
under argon at room temperature is added a 
solution. of 7.8 g of 2- (t-butoxycarbonyloxyimino)^ 
2-phenylacetonitrile in 17.4 ml of dioxane. 
15 After 3 hours the reaction mixture is diluted 

. with water and washed twice with ether. The 
aqueous portion is acidified with concentrated 
hydrochloric acid and the resulting oil is . 
extracted into ethyl acetate. The ethyl acetate . 
20 layer is washed with water and brine, dried 
over magnesium sulfate, and the solvent is 
stripped yielding an oil. The oil crystallizes 
on standing yielding 8.9 g of material. 

The above material is dissolved in 
25 dimethylf ormamide , treated with (3.7 g) and 

chloromethyl pivalate (5.2 ml) and the resulting 
mixture is stirred at room temperature for 16 
hours under argon. The reaction mixture is 
partitioned between water and ethyl acetate, 
30 and the organic phase is washed with saturated 
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sodium bicarbonate, water, brine and dried (MgS0 4 ). . 
The sol-vent is stripped to obtain an oil (10.3 g). 
The crude product 'is chroma tog r a phed on silica 
(200 g) eluting with hexane/ether (3/1) to give 
8.55 g of the title compound as crystalline solid, 
melting point 79.5-81°C. The product is triturated 
with cold ligroin^then filtered to obtain the 
pure product. 

^ Analysis calc'd for C l8 H ig N0 6 S 2 : C, 51.53; H, 6.97 
■ ' 10 J N, 3.34; S, 15.28© 

^ Found: C, 51.34; H, 6.9.0; N, 3.32; S, 14.87^ 

C( ^ C B > (S) - 7- [ [Ethoxy ( 4 -phenylbuty 1 ) phosphinyl] - 

B'ffi. acetyl-1 , 4-dithia-7-azaspiro [4 . 4] nonane-8g } 
15 carboxylic acid ,1,2 , 2-dimethy 1- 1-oxopropoxy ) - 
methyl ester 

,C a mixture of 1.7 g of [e thoxy ( 4 -pheny lbutyl ). - 
phosphinyl] acetic acid, acetonitrile and 0.96 g 
of carbonyldiimidazole is stirred under argon 
%® 20 I at °° C for 1 hour * (S)-7- [ (1, 1-Dimethylethoxy)- 
4) carbonyl] -1, 4-dithia-7-azaspiro [4 . 4]nonahe-8 0 

carboxylic acid, ( 2 , 2-dimethyl-l-oxopropoxy )methyl 
ester (2.5 g) is treated with tr if luoroacetic 
acid (about 2 ml) and stirred at room temperature 
for 30 minutes. The tr if luoroacetic acid is 
removed in vacuo, the residue taken up in 
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acetonitrile and added dropwise to the above 
mixture over a 20 minute period at room temperature 
After an additional 2.5 hours, the acetonitrile 
is stripped and the resulting oil is partitioned 
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between ethyl acetate and water. The layers are 
separated and the organic portion is washed with 
5% potassium sulfate, saturated sodium bicarbonate, 
brine, dried (MgS0 4 ) and evaporated. The residue 
(3.4 g) is chromatographed on silica (120 g) 
eluting with ethyl acetate/dichloromethane (1:1) 
and yielding 2.7 g of the title compound as a glass 



Exampl e 14 

(S) -7- [ [Hydroxy ( 4 -phenylbutyl ) phosphinyl] acetyl ]Q 
1 , 4-dithia-7-azaspiro [4 .4] nonane-8-carboxylic 
acid, (2 , 2 -d ime thy 1-1 -oxo propo xy ) methyl ester 
(0^ (S) -7- [ [Ethoxy (4-phenylbutyl) phosphinyl] - 
acetyl] -1 , 4-dithia-7-azaspiro [4 .4]nonane-8§ 
carboxylic acid , *2., 2-dimethyl-l-oxopropoxy ) 
methyl ester (2.7 g) in dichloromethane (dried 
over alumina) is treated with bromotrimethylsilane 
(1.2 ml) via syringe and the reaction mixture is 
stirred for 16 hours under, argon . The solvent 
and excess bromotrimethylsilane is evaporated 
in vacuo and the residue is taken up in ethyl 
acetate and water and stirred for 15 minutes. 
The layers are separated and the ethyl acetate 
is washed with 5% potassium sulfate, water, brine, 
dried (MgS0 4 ) and evaporated. The 2.3 g of 
crude product is chromatographed on silica 
(75 g) eluting with dichloromethane/me thanol/ 
acetic acid (19/0.5/0.5). After stripping solvent 
1.9 g of product is left as a glass. 
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Exampl e 1 5 

(S) -7- [ [Hydroxy (4-phenylbutyl ) phosphinyl] acetyl ] Q 
1 , 4 -dithia-7-azaspiro [ 4 . 4 ] nonane-8-carboxylic acid , 
(2 , 2-dimethyl-l-oxopropoxy ) methyl ester , lithium 
sal t 

P ^ (S) -7- [ [Hydroxy (4-phenylbutyl) phosphinyl] - 



acetyl ] -1 , 4-di thia- 7 -a zaspiro [4 . 4 J nonane-8^ 
carboxylic acid , ( 2 , 2-dimethyl-l-oxopropoxy ) methyl 
ester (1.82 g) is dissolved in 75% water/acetone 
and treated with 0.1208 g of lithium carbonate. 
Additional water is added and after 15 minutes 
the solvent is stripped. The resulting gel is 
dissolved in water and filtered. The filtrate 
"is run through a Millipore filter and lyophilized 
to obtain 1.54 g of the product as a solid. 
[ Analysis calc'd for C oc .H -N0 7 S.P"Li^l.5 mole H 0 0: 

C, 50.83; N, 2.37; H, 6.48; S, 10.86; P, 5.2( 
Found: C, 51.07; N, 2.36; H, 6.19; S, 10.80; P, 5, 



Example 16 

1- [ [ I ( 2 , 2-Dimethyl-l-oxopropoxy ) methoxy] (4-phenyl - 
butyl ) phosphinyl] acetyl] -L^proline , benzyl ester 

Triethylamine (1.9 ml) and chloromethyl 
pivalate (2.0 ml), are added to a solution of 
3.0 g of [ [hydroxy (4-phenylbutyl ) phosphinyl ] - 
acetyl] -L-proline, benzyl ester in dimethyl- 
formamide under an argon atmosphere and the 
resulting mixture is stirred at room temperature 
for 6 hours. The reaction mixture is diluted 
with ethyl acetate, washed with water, brine, 
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dried (MgSO^ ) , and evaporated. The crude product 
(3.7 g) is chroma tographed on silica (80 g) 
eluting with ethyl acetate/dichloromethane to 
give 2,9 6 g of the title compound. 




Exampl e 17 

1- [ [ [ (2 , 2 -D ime thy 1 - 1 -oxoprbpb xy ) me tho xy ] ( 4-phenyl - 
butyl) phosphinyl ]. acetyl] -L-prol ine 

To a solution of 2.6 g of 1 - 1 1 [ 2 , 2-dimethyl^ 
l^oxopropoxy ) me thoxy ] (4-phenylbutyl ) phosphinyl ] - 
acetyl] -L-proline , benzyl ester is added 250 mg 
of 10% palladium on charcoal and the resulting 
mixture is shaken in a Parr hydrogenation 
apparatus for 2,5 .hours. The catalyst is 
filtered through a Celite bed and the methanol 
is stripped from the filtrate. The crude product 
(2.0 g) is chromatographed on silica (50 g) , 
eluting with dichloromethane/acetic acid/me thanol 
(19:0.5:0.5). The solvent is stripped and the 
remaining acetic acid is azeotroped off with, 
toluene to yield 1.91 g of the title compound 
as a glass . 




Example 18 

!-[[.[ ( 2 , 2-Dimethyl-l-Qxopropoxy) methoxy ] (4-phenyl - 
butyl) phosphinyl] acetyl] -L-proline , lithium salt 
^ ^jj 1- I [ I ( 2 , 2-Dimethyl-l-oxopropoxy) me thoxy] - 
(4-phenylbutyl ) phosphinyl] acetyl] -L-proline 
(1.067 g) is dissolved in 50% acetone/water. 
Lithium carbonate (0.083 g) is added to the 
stirring solution. After 30 minutes the acetone 
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and water is removed i n vacuo to leave a clear 
oil. The oil is dissolved in water, run through 
a Millipore filter and lyophilized to yield 1.0 g 
of a granular solid. 
IQ CAnalysis of C 23 H 33 N0 7 P~*Li + • 1 mole H 2 0 : 

Found: C, 56.28; N, 2.80; H, 7.19; P, 6.2© 
Calc'd: C, 56.21; N, 2.85; H, 7.18; P, 6.3^ 



30 



t/(C/ Example 19 
0 ^$J' (S ) -1- [ [E t hoxy (4-phenylbutyl) phosp h inyl ] acetyl J <g > 
4 - ( 4 - f 1 u o r ophe noxy ) "L-Ejroi ine 

^ ^| [Ethoxy (4-phenylbutyl )phosphinyl] acetic, acid (.2.53 g) 
is dissolved in 30 ml of acetonitrile and cooled 
to 0°C in an ice-bath. Carbonyldiimidazole 



5- (1.58 g) is added under argon and the resulting 

$Q mixture is stirred for 1 hour at 0°C. A second 

solution of 4- (4-f luorophenoxy) -L-proline (2.0 g) 
is prepared in 20 ml of dry acetonitrile, 
bis- (trimethylsilyl)acetamide (1.81 g) is added 
►0 and the mixture is stirred under argon for about 

1 hour. The second solution is added to the. 
first and the mixture is stirred for about 
16 hours at room temperature. Concentration 
of the mixture in vacuo yields an oily semi- 
>5 solid which is taken up in 200 ml of dichloro- 

methane, washed with 5% potassium bisulfate, 
saturated sodium bicarbonate, saturated sodium 
chloride, and the dichloromethane solution 
dried over anhydrous magnesium sulfate. The 
material (3.73 g) is flash chromatographed 
(20% acetic acid-benzene) to yield 1.36 g of 
the . title compound . 



HA224 

- 30- 



■&LM(G Example 20 
( S ) -4 - (4-Fluorophenoxy) -1- [ [hydroxy ( 4-phenylbutyl ) - 
phosphinyl] acetyl]— L-proline 

(S) -4- (4-Fluorophenoxy) -1- [ [hydroxy (4-phenyl- 
butyl ) phosphinyl ] acetyl] -L-proline (0,380 g) and 
dry dichloromethane (10 ml) are added to a flask 
under an argon atmosphere at room temperature. 
Then- bis- ( trimethyl silyl ) acetamide (0.157 g) 
is added and the mixture is allowed to stir for 
1/2 hour. Bromotrimethylsilane (0.112 ml) is 
added to the mixture which is stirred for about 
16 hours at room temperature. A few drops of 
water are added to the reaction mixture and 
stirring is continued for an. additional 1/2 hour. 
The solvent is stripped off in vacuo yielding 
0.372 g of solid. This material is taken up 
in saturated sodium bicarbonate (15 ml) and 
washed with ether (two 30 ml portions ) ; this is 
acidified to pH 2.0 with concentrated hydrochloric 
acid. The mixture is extracted with ethyl acetate 
(three 25 ml portions) .. The ethyl acetate extracts 
are combined and washed with saturated briae 
(50 ml) followed by drying over anhydrous MgSO' 4 , 
and the solvent is then removed leaving 0.110 g 
of the title compound. 
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^ Example 21 

(S) -4- (4-Fluorophenoxy) -1- [ [hydroxy ( 4-pheny Ibutyl ) - 
phosphinyl3acetyl].-L-proline, dilithium salt 
(S) -4- (4-Fluorophenoxy) -1- [ [hydroxy (4- 
phenylbutyl) phosphinyl ] acetyl] -L-proline (0 .1 g) 
in 1.0N lithium hydroxide (0.37 ml) is passed 
through a column of 20 ml of ion-exchange resin 
j|0 - The fractions containing product are 

passed through a Millipore filter and most of 
10 the solvent is stripped off in vacuo . The eluate 

is lyophilized and then heated for 24 hours 
*3q> under vacuum at 100°C to yield 0.017 g of the 
2.2. L-title compound as a dihydrate, melting point >250°C. 
Analysis calc'd for C 2 5 NFPO e Li 2 * 2 H 2 0: 

C, 54.02; H, 4.97; N, 2.74; F , 3.72; P, 6.06^ 
^ Found: C, 53.91; H, 5.06; N, 2.72; F, 3.73; P, 6.30^ 
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jHpf^) (cis) -1- [ [Ethoxy (4 -phenylbutyl ) phosphinyl] acetyl ]IP 
20 4- (phenylmethyl ) -L-proline , ( 2 , 2-dime thyl-l-oxo- 

propoxy ) methyl ester 

(a) (cis ) -1- [ (1 , 1-Dimethylethoxy) carbonyl] -40 
(phenylmethyl) -L-proline 

To a solution of ci s-4 -benzyl -L-proline 
hydrochloride (3 g) and tr iethylamine (5 g) 
in water (10 ml) is added a solution 
of 2- ( tert-butoxycarbonyloxyimino) -2-phenyl- 
acetonitrile (3.5 g) in dioxane (10 ml). The 
mixture is stirred at ambient temperature for 
4 hours. After the addition of water (30 ml), 
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ahd washing with ether, the mixture is acidified 
to a pH of 3-4 with 10% citric acid. The oil 
that separates is 'extracted into ethyl acetate, 
washed with brine, and dried (MgSO^). After 
concentration in vacuo , the residue (3.7 g) 
solidifies at room temperature, melting point 
145-149°C dec . 

(b) (cis ) -1- [ (1 , 1-Dimethylethoxy ) carbonyl] -40 
(phenylmethyl ) -L-proline , ( 2 , 2 -dime thy 1-1© 
oxopropoxy ) me thyl ester 

P ' % To a solution of (cis ) -1- [ ( 1 , 1-dimethyl- 
ethoxy ) carbonyl ] -4 - (phenylmethyl ) -L-proline 
(.3.4 g) in dry dimethylf ormamide (3.0 ml) is 
added solid potassium fluoride (1.5 g), followed 
by chloromethyl pivalate (.2.0 g) . After stirring 
for 16 hours at ambient temperature the mixture 
is diluted with water (100. ml) and extracted 
with ethyl acetate. The ethyl acetate solution 
is washed with 5%. sodium bicarbonate, water, 
brine, and dried (MgS0 4 ) . The solvent is removed 
in vacuo to give an oil residue (5 g) . The oil 
is chromatographed on silica gel (120 g) eluting 
with ether/hexane (1:3). to give the product 
(4.4 g) as an oil that solidifies on standing, 
melting point 60-62°C. 
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Cc ) (cis ) -1- rtEthoxy (4-phenylbutyl) phosphinyl] acetyl] Q 
4- (phenylmethyl ) -L-proline , ( 2 , 2 -dime thy 1-1-oxo - 
propoxy ) methyl ester 

$ A mixture of (cis ) -1- [ ( 1 , 1-dimethylethoxy) - 
carbonyl ] -4 - (phenylmethyl ). -L-proline , ( 2 , 2-dimethyl€) 
1-oxopropoxy ) methyl ester (4.0 g) and 10 ml of 
trif luoroacetic acid is stirred at combined 
temperature under argon for 4 5 minutes. The 
mixture is concentrated in vacuo at ambient 
temperature and the residue is dissolved in 
acetonitrile (40 ml) . A second solution is 
prepared of [ethoxy ( 4-phenylbutyl ). phosphinyl] - 
acetic acid (2.7 g) in acetonitrile (20 ml). 
The solution is cooled to 0°C, treated with 
carbonyldiimidazole (1.5 g) and stirred for 
1 hour. Triethylamine (1.0 g) is added and 
the cold bath is removed. The first solution 
is added dropwise to the second and the mixture 
is stirred at room temperature for 16 hours 
and concentrated In vacuo . The residue is 
dissolved in ethyl acetate (200 ml), washed 
with 5% potassium acid sulfate, saturated 
sodium bicarbonate, brine, and dried (MgSC> 4 ) . 
The solvent is removed iri vacuo ; the oil residue 
(5.6 g) is chromatographed on silica gel (200 g), 
eluting with dichloromethane/acetone ( 1 : 1 ) to 
give the product, (4.6 g). 
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^ Example' 23 

(cis)-l- [ [Hydroxy ( 4-phenylbuty 1) phosphinyl] acetyl]^ 
4- (phenylmethyD-L-proline, (2, 2-dimethyl- 1-oxo- 
propoxy ) methyl ester 

To a solution of (cis ) -1- [ [e thoxy (;4-phenyl- 
butyl ) phosphinyl J acetyl] -4- (phenylmethyl ) -L$> 
proline, ( 2 , 2-dimethyl-l-oxopropoxy) methyl ester 
(4.5 g) in dichloromethane (50 ml) is added 
bromotr imethyls ilane ( 2 g) . The mixture is 
10 stirred at ambient temperature for 16 hours. 

After concentration iri vacuo , the residue is 
treated with water C25 ml) and extracted into 
dichloromethane (350 ml), washed with brine, 
and dried (MgSO^ ) . The solvent is removed 
15 in_ vacuo to give a glass-like solid (4.2 g) . 

The residue is chroma tographed on silica gel 
(220 g) eluting with dichloromethane/methanol/ 
acetic acid (19:1:1), to give the product (2.7.g). 
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Example 2 4 

(%) (cis ) -1- [ [Hydroxy (4 -phenylbutyl ) ph.osphinylj acetyl ] £} 
4- (phenylmethyl) -L-proline, ( 2 , 2-dimethyl-l-oxo- 
propoxy ) methyl ester, lithium salt 

%j To a solution of (cis ) -1- [ [hydroxy (4 -phenyl- 
butyl ) phosph inyl ] acetyl] -4- (phenylmethyl ) -LcD> 
proline, ( 2 , 2-dimethyl-l-oxopropoxy ) methyl ester 
in acetone/water (80 ml) is added solid lithium 
carbonate (0.0023 mole). The mixture is stirred 
at. ambient temperature; as the solid gradually 
30 dissolves, separation of some orange, polymeric 
material is observed, plus a trace of solid in 
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suspension. The mixture is filtered after 2 hours , 
and the filtrate is concentrated in. vacuo at 
ambient temperature . The residue is treated with 
double distilled water (200 ml) and extracted 
with ether. An emulsion results that is separated 
with difficulty. The aqueous layer is Millipore 
filtered and lyophilized to give the title compound 
(1-0 g) . 

% Anaylsis calc'd for C 3Q H 39 NO v P • Li ■ 3 :H 2 0: 
10*) C, 58.32; H, 6.36; N, 2.26; P, 5.01© 

Found: . C, 58.15; H, 6.38; N, 2.26; P, 4.98^ 



tA^'U{C> Example 2 5 
v ^ A-[[(Ethoxy)pctylphosphinyl] acetyl ] -L- proline , (2 ,2 l 



1 5 dimethy 1 -1 -oxopropoxy) methyl ester 

| ^ 1- [ (1 , 1-Dimethylethoxy ) carbonyl ] -L-proline , 
( 2 , 2-dimethyl-l -oxopropoxy ) methyl ester (3.2 g) 
and g-toluenesulfonic acid monohydrate (1.72 g) 
in ethyl acetate (about 50 ml) is treated with 
20 10% palladium on charcoal (300 mg) and shaken 

on a Parr hydrogenation apparatus at 30 psi for 
1 hour. The reaction mixture is filtered through 
a Celite bed and concentrated to a small volume. 
The residue is diluted with ether and seeded. 
25 The resulting white crystals are filtered and 

washed four times with ether. 

A mixture of [(ethoxybc tylphosphinyl ] acetic 
acid (2.2 g), carbonyld iimida zole (1.4 g) , and 
^0 acetonitrile is stirred under argon at 0 Q C for 
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1 hour. The above ^-toluenesulfonic acid salt 
in about .20 ml of acetonitrile is then added 
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dropwise over a 4 5 minute period at room temperature 
After 60 hours the acetonitrile is stripped and 
the resulting slurry is diluted with ethyl acetate 
and water. The layers are separated and the 
ethyl acetate portion is washed with 5% potassium 
bisulfate, saturated sodium bicarbonate, brine 
and dried (MgS0 4 ) . . The solvent is stripped 
leaving 3.2 g of the title compound as an oil. 

' CA^UiC^ Example 2 6 
1- [ (Hydroxyoctylphosphlnyl) acetyl 3 -L-proline , (2 , 2-Q > 
dimethyl-l-oxopropoxy ) methyl ester 

P Bromotrimethylsilane (1.5 ml) is added to 

(I 

a flask containing 3.2 g of 1- [ (ethoxyoc tyl- 
phosphinyl ) acetyl ] -L-prol ine # ( 2 , 2-dimethyl-l^ 
oxopropoxy )methyl ester and dry dichloromethane 
under argon at room temperature. After 16 hours 
excess bromotrimethylsilane and solvent are 
evaporated in vacuo . The resulting oil is 
diluted with ethyl acetate and water. After 
stirring for 5 minutes the layers are separated. 
The ethyl acetate layer is washed with, saturated 
sodium bicarbonate, 5% potassium sulfate, 
brine and dried {MgS0 4 ). . The solvent is stripped 
leaving 3.0 g of oil. The oil is chromatographed 
on silica (120 g) eluting with dichloromethane/ 
methanol/acetic acid (.8:1:1). The solvent is 
stripped and the remaining acetic acid is 
azeotroped with, toluene leaving 1.7 g of the 
title compound as an oil . 
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- Exainpl e 2 7 

^ 1- [ (Hydroxyoctylphosphinyl ), acetyl] ,-L-prolirie/ ('2 , 2Q 
dimethyl -1 - o xopr oporxy ) me thy 1 ester, lithium salt 

f 1- [ (Hydroxyoctylphosphinyl ). acetyl] -L,£) 

proline, ( 2 , 2 -d ime thy 1-1 -oxopr opoxy ) methyl ester 
(1.5848 g) is dissolved in 8 0% acetone/water 
and treated with lithium carbonate (0.13 g). 
The resulting precipitate is filtered off and 
the acetone and most of the water is. stripped. 
The resulting soapy solution is diluted with 
water, Millipore filtered and lyophilized to 
give a hygroscopic solid (1.3 g) . 
Anal . Calc'd . for C 21 H 37 N0 7 PLi • 1 . 75 H 2 0: 

C, 52.50; H, 7.76; N, 2.91; P, 6.4^ 
Found: C, 52.11; H, 7.81; N, 2.66; P, 6 . 2 
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Ex ample 2 8 

fe^P (cis) -1- [ [Ethoxy ( 4 -phenylbuty 1 ) phosphinyl ] a'cetyl]6 
4- (phenylthib) -L-proline , (2 , 2-dimethyl-l-bxdpropoxy) 
methyl ester 

5 

£ A) (cis)-l- [ (l ; l-D ime t h yle t h o xy ) c arbonyl] - 4 ^> 
(phenyl thio) -L-proline • 

To a solution of (cis) — 4 — ( phenyl thio ) — 
proline (5 g) and triethylamine (3.4 g) in water 
10 (13 ml), a solution of 2- ( t-butoxycarbonyloxy imino)£) 
2-phenylacetonitrile (.6,0 g) in dioxane (13 ml) 
is added. The mixture is stirred at ambient 
temperature. After one hour, water (50 ml) is 
added, the mixture is washed with ethyl acetate 
15 and acidified to a pH of 3^4 with 10% citric 

acid. The oil that separates is extracted into 
ethyl acetate, washed with brine, and dried 
(MgS0 4 ). The residue is dissolved in saturated 
sodium bicarbonate (50 ml) plus water (60 0 ml) . 
20 The alkaline solution is washed with ether and 
acidified to a pH of 4 with 10% citric acid. 
The oil that separates from solution is extracted 
into ethyl acetate, washed with brine, and dried 
(MgS0 4 ) . The solvent is removed ill vacuo to 
25 give the product as an oil (5.9 g) that gradually 
solidifies, melting point 110-118°C. 
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) (cis) , -1- [ ( 1 , 1-Dimethylethbxy ) carbonyl] -4(g§ > 
(phenylthio)-L-proline , (2 , 2-dimethy 1-1-oxopropoxy ) 
methyl ester • 

P Solid potassium fluoride (2.2 g) is added 
to a solution of (cis ) -1- [ ( 1 , 1 -dimethylethoxy ) - 
carbonyl! -4- (phenylthio) -L-proline (5,5 g) in 
dry dimethylf ormamide (25 ml) , followed by the 
addition of chloromethy lpivalate (3.0 g). The 
mixture is stirred at room temperature for 20 
hours. After the addition of water (40 ml), 
the mixture is extracted with ethyl acetate, 
washed with saturated sodium bicarbonate, brine, 
and dried (MgS0 4 ). The solvent is removed in 
vacuo arid the oil residue (8 g) is chromatogr aphed 
15 on silica. gel (180 g), eluting with ether/hexane 

(1:2) to give the product (5 g) as an oil, which 
gradually solidifies to a waxy solid, melting 
point 8 3-8 5°C . 



£c ) (cis) -1- [ [Ethoxy ( 4 -pheriylbutyl ) phosphinyl] - 
acetyl] -4- (phenyl thio)-L-proline , (2 , 2-diTtiethyl-l^ 
oxopropoxy )methyl ester, lithium salt 

^ The mixture (A) is prepared by stirring a 
solution of (cis) -1-1 (1 , 1 -dimethylethoxy) carbonyl ]^ 
4- (phenylthio) -L-proline , (.2 , 2-dimethyl -1-oxopropoxy ) 
methyl ester (4.2 g) in tr if luoroacetic acid 

(10 ml) at ambient temperature. The mixture 

is concentrated in vacuo at ambient temperature 

and the residue is dissolved in dry acetonitrile 

(40 ml) . It is added dropwise to the following 
mixture (B): a solution of [ethoxy ( 4 -phenylbutyl ) - 
phosphinyl] acetic acid in acetonitrile (20 ml) 
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is cooled to 0°C and carbonyld iimidazole (1.6 g) 
is added; after stirring at 0°C for one hour, 
and immediately preceding the addition of (A) , 
triethylamine (1.1 g) is added. Following the 
addition of (A) the bath is removed and the 
mixture is stirred at ambient temperature for 
20 hours-. 

After concentration in vacuo , the residue 
.was dissolved in ethyl acetate (200 ml), washed 
with 5% potassium acid sulfate, saturated sodium 
bicarbonate, brine, and dried (MgS0 4 ). The solvent 
is removed in vacuo . The oil residue (5 .6 g ) is 
chromatographed on silica gel (200 g) eluting 
with dichloromethane/acetone (9:1) to give the 
product as a viscous oil (3.1 g). 



Example 29 

(cis ) -1- [ [Hydroxy (4 -phenylbutyl ) phosphihyl] acetyl]^ 
4- (phenylthio) -L-pro line , ( 2 , 2-dimethyl-l-oxopropoxy ) 
methyl ester 

/^(jp To a solution of (cis ) -1- [ [e thoxy ( 4-phenyl- 
butyl )phosphinyl] -acetyl] -4 - (phenylthio) -L-proline , 
(2 , 2-dimethyl-l-oxopropoxy )methyl ester (3 g) 
in dichloromethane (30 ml) is added bromotr imethyl- 
silane (1.2 g). The mixture is stirred at room 
temperature for 16 hours. After the addition of 
water (15 ml), saturated sodium bicarbonate (25 ml) 
is added, followed by water (500 ml) to effect 
solution. The aqueous alkaline solution is washed 
with ether and acidified to a pH of 3 with 
concentrated hydrochloric acid. The oil that 
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separates from solution is extracted into ethyl 
acetate, washed with brine, and dried (MgSO^ ) . 
The solvent is removed in vacuo to give a residue 
of 2.5 g which is chromatographed on silica gel 
(120 g) eluting with, dichloromethane/methanol/ 
acetic acid (19:1:1) to give the product (1.8 g) 
as a glass-like solid. 

^ x — - — ^ — Example 3 0 
1 QyfV^f ^cis ) -1- [ [Hydroxy ( 4 -phenylbutyl ) phdsphinyl] acetyl ] @ 
4- (pheny lthio ) -L-pro 1 ine f (2, 2- dime thyl-l-oxopropoxy ) 
methyl ester, lithium salt 

' A solution of lithium carbonate (5 0 ml) 
^ is added dropwise to a stirring solution of 



1; vC^P (cis) [ t h y drox y <4-phenylbutyl)phosphinyl] acetyl]^ 
4- (phenyl thio ) -L-proline , (2 , 2-dimethyl-l-oxopropoxy ) 
methyl ester (0.5756 g) in acetone (10 ml); as 
the stirring solution becomes turbid , the 
turbidity is clarified by the addition of acetone, 
20 so that the final volume of the reaction mixture 

is 120 ml. A trace of orange polymeric material 
that separates from solution is removed by 
filtration. The mixture is concentrated to a 
volume of 50 ml, and is Millipore filtered and 
lyophilized to give the title compound (0.6 g). 
Analysis calc'd for C 2g H 3 7 NO ? PS • Li - 2 . 5 H 2 0: 

C, 55.57.; H, 5.95; N, 2.23; P, 4.94; S, 5.12© 
Found: C, 55.67; H, 6.06; N, 2.12; P, 4.80; 
S, 5.38£\ 
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— — ^( ^ Example 31 
^£^i(£^f 3(cis ) -1- [ [Ethoxy (4 -phenylbutyl ) phosphinyl ] acetyl J 3 
4-methoxy-L-prQline , (2 , 2-dimethyl-l-oxopropbxy ) 
methyl ester 

5 

Ci f ^ ^ A > (cis)-l- Id, 1- Dimethyl ethoxy ) carbonyl ] -4|> 
^ £ methoxy-L-proline; ( 2 , 2 -dime thy 1-1 -oxbpropoxy ) 
methyl ester 

P , £ Conversion of 5.0 g (cis ) -1 - I ( 1 , 1 -dimethyl- 
10 @l ethoxy ) carbonyl] -4 -methoxy-L-prol ine , cyclohexyl- 
amine salt to the free acid using 50 ml of 10% 
KHS0 4 and extraction into ethyl acetate gives 
3.9 g of material. A mixture of the free. acid 
with 2.2 g of chloromethy Ipivalate and 1 . 7 g of 
15 anhydrous potassium fluoride in 20 ml of dimethyl - 

formamide is stirred under argon at room temperature 
for 16 hours. The solution is diluted with 50 ml 
of ethyl acetate and treated with 20 ml 
of water (twice), saturated sodium bicarbonate 
20 and brine. The organic fraction is dried and 

evaporated in. vacuo . The residue is triturated 
with hexane before drying to give 4.3 g of 
%0 the title compound, melting point 88-90°C. 

25 ( B ) i -Met hoxy-L-proline , (2, 2-dimethyl-l-oxopropoxy ) - 
methyl ester, tosylate salt 

^ | A solution of 3.0 g of ( cis ) - 1- [ ( 1 , 1-dimethyl- 
ethoxy) carbonyl] -4-methoxy-L-prol ine , (2 , 2-dimethyL© 
1-oxopropoxy) methyl ester and 1.5 g of p-toluenesulfonic 
3 Q ' acid in 50 ml of ethyl acetate is treated with 

0.3 g of 10% palladium on charcoal and hydrogenated 
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at 30 psi for one hour. The product, which, 
precipitates during this procedure, is dissolved 
in acetone before 'filtration. The solvent is 
evaporated in vacuo to give an oil which gradually 
solidifies. The material is triturated with 
ethyl acetate and filtered to give 2.8 g of 
product, melting point 116-118°C. 

C ) ( cis ) -1- 1 [Ethoxy ( 4-phenylbutyl ) phosphinyl J - 
acetyl ] -4 -methoxy-L-prol ine , ( 2 , 2-dimethyl-l^ 
oxopropoxy) methyl ester 

l A stirred isolu.tion of 1 . 9 g of [ethoxy (4^> 



phenylbutyl ) phosphinyl] acetic acid in 25 ml of 

dry acetonitrile^ is cooled to 0°C and treated 

with 1.1 g of carbonyldiimidazole under argon. 

After 1 hour the solution is treated with 1.04 ml 

of tr iethylamine and the ice bath is removed. 

A second solution is prepared consisting of 2.8 g 

of 4-methoxy-L-proline , (2 , 2-dimethy 1-1-oxo- 

propoxy) methyl ester, tosylate salt in 25 ml 

of dry acetonitrile and is added to the first 

solution. The resulting mixture is stirred 

at room temperature for 16 hours. After evaporation 

of the solvent in vacuo , the oil residue is 

dissolved in ethyl acetate and extracted with 

5% potassium sulfate, saturated sodium bicarbonate 

and brine. The organic layer is dried and 

evaporated in vacuo to give 2.4 g of crude 

product. This material is combined with 1.1 g 

of crude product from another experiment and 

chromatographed using acetone/ethyl acetate (3:1) 

to give 2.9 g of product. 

Analysis calc'd for C 26 H 4Q NP0 8 ; H 2 <D: 

C, 57.44; H,7-72;N, 2.57g> 1 
Found: C, 57.87; H, 7.49; N, 2.47^> 



r < f 
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^^=~ Example 32 
(cis ) -1- I [Hydroxy (4 -phenylbutyl ) phosphinyl] acetyl 3 0 
4 -methoxy-L-prol ine , ( 2 ' , 2-dimethy 1- 1-oxopropoxy ) 
methyl, ester 

®/T(&\ A so i u tion of 2.9 g of (cis)-l- [ [ethoxy (.4^ 
phenylbutyl ) phosphinyl ] acetyl ] -4 -methoxy-L-pro 1 ine , 
(2 f :2 -dimethyl -1-oxopropoxy ) methyl ester in 50 ml 
of dry dichloromethane is treated with 1.0 g of 
bromotr imethyls ilane at 0°C, then stirred at room 
temperature for 16 hours under argon. The solvent 
is evaporated in vacuo and the oil residue is 
dissolved in ether and treated with an excess 
of saturated sodium. The aqueous portion is 
"treated with 6N HCl to pH 1.5 and the product 
is extracted into ethyl acetate, dried and 
evaporated in vacuo to give 1.4 g of product. 
Analysis calc'd f or . C 2 4 H 34 NOgP • 1/2 H 2 0: 
C, 57.13; H, 6.99; N , 2.7 6<g2> . . 
Found: C, 56 .54; H, 7.98; N , 2.66<g» 

' tJLtjfC Example 3 3 
!(cis ) -1- [ [Hydroxy (4 -phenylbutyl ) phosphinyl] acetyl,]^ 
4-methoxy-L-proline, (2 , 2-dimethyl-l-oxopropoxy) 
methyl ester, lithium salt 
3fh>\ a solution of 1.36 g of (cis ) -1- [ Ihydroxy ( 40 



) phenylbutyl) phosphinyl ] acetyl] -4 -me thoxy-L^ 
proline, (2 , 2-dimethyl-l-oxopropoxy ) me thyl ester 
is dissolved in 4 ml of dioxane and cooled to 
15°C while adding 27.2 ml of 0.09 9 N lithium 
hydroxide. The temperature is reduced to 
5°C during the addition procedure. Lyophilization 
gives 1 . 2 g of product, melting point 81-8 5 C. 




-4 5- 
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r ^~^ i^LJJ.' C Example 3 4 

^[/|}4/ (trans) -1- [ lEthoxy (.4 -phenylbutyl ) phosphinyl ] acetyljQ 
4-met hoxy-L-proline , (2 ,2-dimethy 1-1-bxoprbpoxy ) 
methyl ester 

Following the procedure of Example 31, 
| but starting with (trans ) -1- I (1 , 1-dimethylethoxy ) - 
^ carbonyl] -4-methoxy-L-proline, eye lohexy lamine 
salt, yields the title compound. 
Analysis calc'd: C 2 qNOqP • 1 . O H 2 0: 
10 J C, 57.44; H, 7.79; N, 2.57; P, 5.70© 

Found: C.57.07; H, 7.37; N, 2.75; P, 5.4@ 

Exampl e' 35 

L.I^f^J) (trans ) -!-,[ [Hydroxy (4 -phenylbutyl ) phosphinyl ] acetyl ] €, 
15^^ 4-methoxy-L-proline , (2 , 2-dimethyl- 1-oxopropoxy ) 
methyl ester 
fj^ Following the procedure of Example 32, but 
starting with ( trans ) -1- [ lethoxy (4 -phenylbutyl ) - 



V \fP phosphinyl] acetyl] -4-methoxy-L-proline, ( 2 , 20 



20 dimethyl-l-oxopropoxy) methyl ester, yields the 

title compound. 
^ Analysis calc'd: C 24 H 3 6 NOgP • 0 . 5 H 2 0: 

C, 56.90; H, 7.36; N, 2.77; P, 6.12^ 



/ 

1 Found: C,. 57.01; H, 7.39; N, 2.72; P, 5.70 
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Example 36' 



td, ...;^y ^( trans) -1- [ [Hydroxy (4-phenylbutyl) phosphinyl] acetyl] ^ 
4-methoxy-L-proline, (2 , 2-dimethyl -1-oxopropoxy ) 
methyl ester, lithium salt 
30 " jf® Following the procedure of Example 33, but 

f<^) starting with ( trans ) -1- [ [hydroxy (4 -phenylbutyl ) - 
phosphinyl] acetyl] -4-methoxy-L-proline, (2,2^ 
dimethyl-l-oxopropoxy) methyl ester, yields the title 
W W compound, [a] = -33.9°, c=10mg/ml methanol. 
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$ n J? * ^ ' 

iXU- ^7 ^ Example 3? ' ' 
(S) "7- [ [Ethoxy (,4-phenylbutyl ) phosphinyl] acetyl]^ 
1 , 4-dithia- 7- azaspiro [4 . 4 ] nonane-8-carboxy 1 ic acid 

Jj> A mixture of 2.0 g of [ethoxy (4-phenylbutyl ) - 

phosphinyl ] ace tic acid and 1.1 g of carbonyldi- 
imidazole in acetonitrile is stirred under argon 
at 0°C for 1 hour and then treated with 1.9 g 
of tr iethylamine and 1.7 g of 1 , 4-dithia-7-azaspiro- 
^ j, [4 . 4j nonane-8 - carboxyl ic acid, hydrochloride. 
10 After 4.5 hours the acetonitrile is stripped and 
the residue is partitioned between ethyl acetate 
and IN HC1 . The organic phase is washed with 
brine, dried (MgS0 4 ) , and the solvent is stripped 
to give 3.2 g of the title compound as an oil. 
15^' £4U £/{C * Example 38 

■ (|Q^f? (S)-7~ [ [ t (2 , 2-Dimethyl-l-oxopropoxy)methoxy] - (4j) 
phenylbutyDphosphinyl] acetyl] -1 , 4-dithia-7{g > 
^zaspiro [4.4] nonane-8-carboxylic acid 
0L , (fO^ ^ > •> (S) ~ 7 ~ [ [Ethoxy (4-phenylbutyl) phosphinyl] acetyl]© 
2 0^* 1 / 4-dithia-7-azaspiro [4,4] nonane-8 -carboxyl ic 
acid, diphenylmethyl ester 
f ® ^ (S) -7- [lEthoxy (4-phenylbutyl) phosphinyl] - 
$f ^ acetyl] -1 , 4-dithia-7-azaspiro [4 . 4 ] nonane-8^ 
carboxylic acid (3.2 g) in ethyl acetate is 
2^ treated with 2.0 g of diphenyldia zomethane in 

ethyl acetate. After 3.5 hours, the reaction mixture 
is partitioned between ethyl acetate and water . 
The layers are separated and the organic portion 
is washed with saturated sodium bicarbonate, 
5% potassium bisulfate, brine and dried (MgSC> 4 ) . 
The solvent is stripped leaving 6.1 g of residue 
which is chromatographed on 180 g of silica, 
eluting with ethyl acetate to yield 3.4 g of 
the title compound as an oil. 
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CtM^^f^^ (S) -7- [ [Hydroxy (4-phenylbutyl ) phQSphiny.l ] acetyl]^ 
$1%' 1 ' 4-dithia~7-azaspiro [ 4 . 4 ] nonane - 8 -c arboxy 1 i c 
acid/ diphenylmethyl ester 
5 /^{|) ^ (S)-7- [ [Ethoxy C4-phenylbutyl)'phosphinyl] - 
H(fi ^ acetyl] -1 , 4-dithia-7-azaspiro [4.4] nonane-8^ 
carboxylic acid, diphenylmethyl ester (3.4 g) 
in dry dichloromethane is treated with bromo- 
trimethylsilane (1.5 ml) under argon at room 
10 temperature. After 3 hours the dichloromethane 

and excess bromotr imethyl si lane are removed in 
vacuo and the residue taken up in water and ethyl 
acetate and stirred for 5 minutes. The layers 
are separated and the organic phase is washed 
15 with brine and dried (MgSO^ ) . The solvent is 

stripped yielding 3.3 g of the title compound 
as a foam. 



^L^\0/ 20 ' (c) (S)-7- [ [.[ (2, 2 "Dime th y 1 - 1 - oxopr o po xy ) me th oxy ] - 
(^f) (4-phenylbutyl ) phosphinylj acetyl ] -1 > 4 -dithia|P > 

7-azaspiro [4.4] nonane-8-carboxylic acid, diphenyl - 
methyl ester 

Chloromethylpivalate (1.6 ml) is added 
25i^P to a stirred mixture of (S) -7- [ [hydroxy (4-phenyl- 
butyl ) phosphinyl ] acetyl] -1 , 4 -dithia-7-azaspiro- 
%f\ [3.3] nonane-8-carboxylic acid, diphenylmethyl ester 

(3.3 g) , tr iethylamine (1.5 ml) and dimethylf ormamide 
under argon at room temperature. After 16 hours 
30 an additional equivalent of tr iethylamine and 
chloromethylpivalate is added, to the mixture. 
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After an additional 2 4 hours, the mixture is 
partitioned between ethyl acetate and water. 
The layers are separated and the organic phase 
is washed with saturated sodium bicarbonate, 
5% potassium bisulfate, brine and dried (MgSO^) . 
The solvent is stripped leaving 5.0 g of residue 
which is chromatographed on 150 g of silica 
gel, eluting with 33% hexane/ethyl acetate to 
yield 2.4 g of the title compound as an oil. 

(p) (S) -7- [ [ [ ( 2 ; 2 - Dime thy 1 - I -oxopropoxy ) me thoxy ] - ( 4;g > 
^ phenylbutyl) phosphinyl] acetyl] -1 , 4-dithia-7Q 
% azaspiro [4.4] nonane-8 -carboxyl ic acid 

^ ^ (S) -7- [ [ [ (2 , 2-Dimethyl-l-oxopropoxy)methoxy] - 

4 -phenylbutyl) phosphinyl] acetyl] -1 , 4 -d ithiaC? 
7-azaspiro [4.4] nonane-8-carboxylic acid, diphenyl- 
methyl ester (2.4 g) in dry dichloromethane is 
treated with 3.0 ml of trif luoroacetic acid 
under argon at room temperature. After 1 hour, 
the trif luoroacetic acid and dichloromethane are 
removed .in vacuo and the resulting oil partioned 
between ethyl acetate and water. The layers 
are separated and. the organic phase is washed 
with brine, dried (MgSO^) and evaporated. The 
residue (4.0 g) is chromatographed on 130 g 
of silica eluting with dichloromethane/acetic 
acid/methanol (18:1:1) to give (after azeotropic 
removal of acetic acid with toluene) 1.5 g of 
the title compound . 
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^ - Example 39 

^ J (^1 ^1- (S) -7- [[[(2, 2 - Dime thyl - 1 -oxopr opoxy ) met hoxy ] - (40 
0/ Phenylbutyl) phosphinyl ] acetyl ] -1, 4-dithia-7<g) 

azaspiro [4.4] nonane-8-carboxylic acid, lithium salt 
5 p'f^J^ ^ (S) -7- [ [ [ (2, 2-Dimethyl-l-oxopropoxy)methoxy] - 
(^)( 4 -phenylbutyl) phosphinyl] acetyl] -1 , 4-dithia-7^ 
l;f azaspiro [4 . 4 ] nonane-8-carboxylic acid (0.48 g) 

is dissolved in acetone and treated with lithium 
carbonate (0.0321 g) and water. The solution 
10 is stirred for 1.5 hours. The acetone and water 
are removed in vacuo and the resulting residue 
is taken up in water, Millipore filtered and 
lyophilized to give 0.48 g of the title compound. 
Analysis for C 25 H 35 NO ? S 2 P"Li^l - 5 moles H 2 <D: 
15^1 Calc: N„ 2.37; C, 50.84; H , 6.48; S, 10.86; 



\' Found: N, 2.42; C, 50.69; H, 6.02; S, 10.28; 



V 



P, 5.06^ 



, 20 ■ ^L^i^'S* Example 4 0 

(fj^( trans) -1- [ [Hydroxy ( 4-phenylbutyl) phosphinyl ] acetyl ] fj 



3 



4 -methoxy-L-prol ine , dilithium salt 



f (l^j A solution of 650 mg of ( trans ) -1- [[ hydroxy ( 40 

0^ / phenylbutyl ) phosp.hinyl ] acetyl ] -4 -methoxy-L-pro 1 ine , 
25 (2 , 2 -dimethyl-l-oxopropoxy) methyl ester, lithium 
salt in 15 ml of ethanol and 10 ml of water 
containing 6 ml of IN sodium hydroxide is stirred 
for 16 hours at room temperature. Ethanol is 
removed in vacuo and water was added. The aqueous 



30 



layer is washed with ethyl acetate (discard) 
acidified with 8 ml of IN HC1 and extracted 
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twice with ethyl acetate. The organic layer is 
washed with saturated brine, combined, dried 
(MgSO^) and concentrated in vacuo. The residue 
is heated in an oil bath at 7 5°C under high 
vacuum for 2 hours. The residue (500 mg) is 
dissolved in 1.5 ml of IN lithium hydroxide and 
washed through a column of ion exchange resin 
(lithium form, 10 ml) with water. The organics 
containing eluates are combined, Killipore 
filtered and lyophilized for 16 hours to give 
47 5 mg of product. 

6L OlC Example 41 ' . 
:f(M )(c±s) -1- [ [Hydroxy (4-phenylbutyl) phosphinyl] acetyl]^ 
4-methoxy-L-prolxne, di lithium salt 
p^jl) A solution of 200 ml of (cis) -l- [ [hydroxy (4€J 
(f^fl phenylbutyl) phosphinyl] acetyl] -4-methoxy-L§ 

proline, ( 2 , 2-dimethyl-l-oxopropoxy ) methyl ester 
in 5 ml of ethanol and 5 ml of water containing 
1.5 ml of IN sodium hydroxide is stirred for 
16 hours at room temperature. Ethanol is removed 
in vacuo and water is added. The aqueous layer 
is washed with ethyl acetate (discard ), acidified 
with 3 ml of IN HCl and extracted twice with 
ethyl acetate. The organic layer is washed with 
saturated brine, combined, dried (MgSO^) and 
concentrated in vacuo . The residue is heated 
in an oil bath at 7 5°C under high vacuum for 
2 hours. The residue (ca. 150 mg) is dissolved 
in 0.4 ml of IN lithium hydroxide and washed 
through a column of ion exchange resin (lithium 
form, 5 ml) with water. The organics containing 
eluates are combined, Millipore filtered and 
lyophilized for 16 hours to give 120 mg of product. 
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, r ■ _ £UL £/ ; i., ■ Example 42 



1- [ [Ethoxy (4-phenylbutyl) phosphinyl] acetyl] -L0 
proline, ( 2 y 2-dimethyl-l-Oxopropoxy) methyl ester 
P A solution of 2.4 g 1- [[ ethoxy ( 4 -phenylbutyl ) ■ 

5 phosphinyl] acetyl] -L-proline in acetone is 

treated with 44 5 mg of potassium carbonate 
dissolved in a small amount- of water. Solvent 
. is removed in vacuo and water is azeotropically 
removed by addition of toluene and evaporation 
10 iH vacuo several times. The potassium salt is 

suspended in fresh acetone and 1.03 g of chloro- 
methylpivalate and 0.5 ml of 2 5% aqueous sodium 
iodide is added. The mixture is heated at 
'reflux temperature for 3 hours and allowed to 
15 stir at room temperature for 16 hours. The 

solids are filtered and the filtrate is 
concentrated, in vacuo . The residue (3.3 g) 
is dissolved in ethyl acetate, washed with 5% 
sodium bicarbonate, saturated brine, dried (MgSO^), 
2Q charcoaled and concentrated d.n vacuo to give 

2.65 g of material. Flash chromatography with 
acetone elution , gives 2.4 g of product. 



P 

X 



Analysis calc'd for C 25 H 38 N0 7 P-1 H 2 <D 



25 // 

'v 



C, 58.46; H, 7.85; N, 2.73; P, 6.03^ 
Found: C, 58.30; H, 7.24; N, 2.58; P, 5.98; 
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C t.OlC Example 43 

( K/SiJ 1- [ [H yd roxy (4-phenylbuty 1 ) phosphinyl ] acetyl] -Lg> 

proline/ (2 , 2-dime thyl-1 -oxopropoxy ) methyl ester ; 

lithium salt 
; 

5 / An ice cold aqueous dioxane solution. of 

^0^704 mg of • 1- [ [hydroxy (4 -phenylbutyl ) phosphinyl] - 
^acetyl] -L-proline, (2 , 2 -d ime t hy 1 - 1 - oxopr opo xy ) methyl 
ester is treated with 1.57 ml of 0,96 N lithium 
hydroxide. Dioxane is removed in vacuo , additional 
10 water is added and the solution is lypphilized 

to give 70 0 mg of the title compound. 
^/ .f.; ^: Example 4 4 
^CaE^ (cis) -4- (.4 -Fluorophenoxy) -1- [ [ethoxy ( 4 -phenyl - 

(^f j butyl) phosphinyl] acetyl,] -L-proline, ( 2 , 2-dimethyl^Q 
1 5 1 -oxopropoxy ) me thy 1 ester 

^ Following the procedure of example 42; but 
starting with (cis ) -1- [ [ethoxy (4 -phenylbutyl ) - 
l^ij phosphinyl ] acetyl ] -4- ( 4 -fluorophenoxy ) -L-proline , 
yields the title compound. 

Example 4 5 

'CA ■ (cis ) -4- (Fluorophenoxy ) -1- [ [hydroxy (4-phenyl - 

f^J butyl ) phosphinyl ] acetyl] -L-proline , (2 , 2-dimethylig > 
1-oxopropoxy ) methyl ester 

A solution .of (c is ) -4- ( 4 -f luorophenoxy) -l£) 
2S^O^ [ etnox y (4 -phenylbutyl ) phosphinyl] acetyl ] -L^ 

proline , (2 , 2-dimethyl-l-oxopropoxy ) methyl ester 
(0.24 g) in dichloromethane (2.5 ml), to which 
bromotr imethylsilane (0.12 g) is added, is 
stirred at ambient temperature for 16 hours . 
30 * The mixture is concentrated rn vacuo and the 

residue is treated with water (7 ml). The oil 
that separates is extracted into ether; the 
ethereal solution is washed with brine and 
dried (MgSO^ ) . The solvent is removed in vacuo 
2$ to give the product as a glass-like solid (0.219g). 
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(/': €-■ Example 4 6 ' 
CAz^'i^jU (cis) -4- (Fluorophenoxy) -1- [ [hydroxy (.4 -phenyl - 

O^' butyl) phosphinyl ].acetyl] -L-proline , ( 2 , 2 -dime thy lC ? 
1-oxopropoxy ) methyl ester/ lithium salt 
5 ^ ■ An aqueous solution of lithium carbonate 

is added dropwise, with stirring, to a solution 
[ ^ of (cis) -4- (fluorophenoxy) t1- [ [hydroxy (4-phenyl- 

butyl) phosphinyl] acetyl] -L-proline, (2 , 2 -dimethyl^, 
1-oxopropoxy) methyl ester (0.17 g) in acetone 
10 (10 ml) ; as the stirring solution becomes turbid, 

the turbidity is clarified by the addition of 
acetone, so that the final volume of the reaction 
mixture is 30 ml. A trace of insolubles is 
' removed by filtration. The filtrate is concen- 
■^5 trated in vacuo ^ to a volume of 10 ml. After 

the addition of water (15 ml), the solution is 
Millipore filtered and lyophilized to give 
0.14 g of the title compound. 

' Anaylsis calc'd for C 0 0 H 0 c FN0 0 P • Li • 1 . 7 5 H 0 0 : 

^ ^ 2 9 3 6 8 2 

2Q y C, 56.63; H, 6.18; N, 2.27; F, 3-09; P, 5.04^ 

Found: C, 56.60; H, 6.15; N, 2.25; F, 2.80; 



P, 5.10@ 
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ti^l^ Example 47 



(cis ) -4-Cyclohexyl-l- ,[ lethoxy (4 -phenylbutyl ) - 



phosphinyl ] acetyl]-L-proiine 



^ (cis) -4-Cyclohexyl-L-proline hydrochloride 

5 " (3.0 g) in 30 ml acetonitrile is treated with 
bis (trimethylsilyl ) acetonitrile (0.525 g) and 

stirred until the solid has - dissolved . Meanwhile, 

St'" ■ . 

jH] [(ethoxy) (phenylbutyl ) J phosphinyl acetxc acxd 

(4.0 g) and carbonyldiimidazole (3.87 g) in 

10 <f 2^> 70 ml of acetonitrile are stirred at 0°C for 

one hour. The two solutions are combined and 

stirred for about 16 hours. The mixture is 

concentrated and the residue is taken up in 

dichloromethane, washed with 5% potassium 

15 bisulfate, and brine, dried (MgS0 4 ) and evaporated 

to an oil which is chroma tographed (20% acetic 

acid/benzene) to yield 3.36 g of the title 

compound . 

2 0 (U^w- ^ ■ w Example 4 8 

(cis ) -4-Cyclohexyl-l- [ [hydroxy (4 -phenylbutyl ) - 



v 



id- 



phosphinyl ] acetyl ] -L-proline 

Q$p> (cis) -4-Cyclohexyl-l- [ [ethoxy ( 4 -phenylbutyl ) - 
phosphinyl ] acetyl] -L-proline , (0.83 g) , bis (trimethyl 
25 silyl ) acetamide (0.47 ml) and bromotr imethyls ilane 

(0.28 ml) are stirred in 20 ml of dichloromethane 
for about 16 hours. A small amount of water 
is added and the. mixture is evaporated to an 
oil residue (0.61 g). This material is crystal- 
30 * lized from acetone with a recovery of 0.047 g 
of solid, melting point 175^176°C. 
PC% Anal . Calc'd . for C 23 H 34 N0 5 P ' MW 435.50: C, 63.43; 
/ H, 7.87; N , 3.22; P, 7.11^ 

/ Found: C, 62.97; H, 7.93; N, 3.19; P, 7.0^ 
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(jlC Example 49 



u /( - '■€•)) (cis ) - 4 - Cyclohexyl -1- [ [hydroxy (4-phenylbutyl) - 

J^+y^ • : : * s— 

(^f J* pho sph iny 1 ] acetyl] -L-prb line , ( 2 , 2 -dime thy 1-1& > 
oxopropoxy ) methyl ester 

5 

C€_ . ti^l C A) (cis ) -1- [ (.l ,l-Dimethylethoxy)carbonyl] -4 0 
cyclohexyl-L-proline , 2 , 2-dimethyl-l-oxopropoxy ), 
methyl ester 

Following the procedure of example 13A, 
10 but substituting (cis) -4-cyclohexyl-L-proline 

i>y-^7 hydrochloride for 1 , 4-dithio-7-azaspiroI4 . 4] nonane- 
8-carboxylic acid, hydrochloride, yields the 
title compound. 

Clf^yl 5 ^ . (& ) (cis)-4-Cyclohex y l-l-.[ [hydroxy ( 4-phenylbutyl ) - 
(ft J phosphinyl] acetyl ] -L-proline , ( 2 , 2-dimethyl-lQ 
oxopropoxy ) methyl e ster 

A mixture of [hydroxy ( 4-phenylbutyl ) phosphinyl 
acetic acid (1.2 g) tetrahydrof uran and carbonyl- 
20 diimidazole (0179 g) is stirred under argon at 
1 °° C f ° r 1 hour " (cis ) -1- [ (1 ,1-Dimethylethoxy) - 
@l carbonyl] - 4-cyclohexyl-L-proline ,(2 , 2-dimethyl -li|P 
oxopropoxy ) methyl ester (2.0 g) is treated with 
tr if luoroacetic acid (approximately 3 ml) and 
25 stirred at room temperature for fifteen minutes. 
The tr if luoroacetic acid is removed in vacuo 
and the residue is taken up in tetr ahydrof uran 
and added dropwis.e to the above mixture over a 
thirty minute period at room temperature. After 
30 " sixteen hours the tetrahydrof uran is stripped 
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and the residue is partitioned between 5% 
potassium bisulfate and ether. The layers are 
separated and the 'organic portion is washed 
with 5% monobasic sodium phosphate (three times), 
5 brine; and dried (MgS0 4 ) . The solvent is stripped 

to yield a solid (2.6 g). Trituration of the 
crude solid with ether followed by filtration 
yields crystals (1,8 g), melting point 124-125°C. 

10 ■ €^L^ & { C\ Examp le 5 .0 

CA J(^' (cis) -4-Cyclohexyl-l-[[hydroxy ( 4-phenylbuty 1 ) - 
/ Phosphinyl] acetyl] -L-proline , (2 , 2-dimethyl-10 
oxopropoxy ) methyl ester , lithium salt 
'P*(%} fcis)-4-Cyclohexyl-l-[[hydroxy ( 4-phenylbutyl ) - 
15 f^ y > phosphinyl] acetyl]-L-proline f ( 2 , 2-dimethyl-l(0 
oxopropoxy ) methyl ester (.1.21 g) is dissolved 
in acetone. Lithium carbonate (0.082 g) and 
water are added to the stirring solution. After 
three hours some of the acetone is stripped 
20 (due to soap-like solution no more acetone can 

be removed) . The remaining solution is lyophilized. 
The lyophilizate is then redissolved in water, 
Millipore filtered, and relyophili zed . A fluffy 
solid is obtained (1.1 g)-. 




CA * (J i'C Examples 51-5 5 
30 * jP Following the procedure of example 42, but 

substituting the alkylating agent in column I 
for chloromethylpivalate , yields the compound 
listed in column II. 
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J**~ 4J i Example 56 

Hydroxy (pheny lbutyl ) ] 
proline , ( 2 /2-dimethyl-l-oxQpropaxy ) methyl ester 



(cis ) -I [Hydroxy (phenylbutyl ) p hosph inyl] acetyl ] -lQ 



(a) (cis ) -4 -Phenyl -l^- phenylmethoxycarbbnyl-L-prol ine , 
^ A slurry of ( cis ) -4 -pheny 1-L-prol ine f 



hydrochloride ( 3 .0 g) in 10 * ml of water is 
cooled in an ice-bath and treated .dropwise with 
a solution of 1.01 g of sodium hydroxide in 
10 10 ml of water. The resulting suspension is 

treated simultaneously dropwise with benzyl 
chlorof ormate (2.28 g) and a solution of 0.5 g 
of sodium hydroxide in 5 ml of water. Additional 
water is added to a total volume of about 100 ml. 
15 (Vigorous shaking of the flask is needed to 

insure complete mixing.) After 2 hours, the 
solids are filtered, washed with water, washed 
three times with 1 :1 ether -. acetone , washed with 
ether and air dried for about 16 hours to give 
20 4.2 g of the sodium salt of the title compound. 

The filtrates are combined, concentrated 
in vacuo and washed with ether. The aqueous 
layers are acidified with concentrated hydro- 
chloric acid and extracted twice with dichloro- 
25 methane. The organic layers are washed with 

saturated brine, dried (MgSO^ ) and concentrated 
in vacuo to give 0.4 g of the title compound. 

The above 4.2 g of sodium salt is partitioned 
between dichloromethane (twice) and 25 ml of 
3Q * N hydrochloric acid. The organic layers are 
washed with saturated brine, dried (MgSO^) 
and concentrated in vacuo to give 3.17 g 
of the title compound. 
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C B l (cis ) -4 ^Phenyl -l-phenylmethoxycarbonyl-Lj^ ) 
proline, (2 , 2-diinethyi-l-oxopropQxy)tnethyl ester 

^ (cis).-4-Phei>yl-l-phenylmethoxycarbonyl-L0 
proline (3.52 g), dissolved in 25 ml of dry 
dime thy If ormamide , is treated with 1.61 g of 
anhydrous potassium fluoride and 2.0 g of 
chloromethyl pivalate under . argon at room 
temperature for about 16 hours. The reaction 
mixture is diluted with ethyl acetate and washed 
with water (three times), saturated sodium 
bicarbonate and saturated brine. The aqueous 
layers are backwashed with fresh ethyl acetate. 
The combined organic layers are dried (MgS0 4 ) 
and concentrated in. vacuo to give 4.8 6 g of an oil. 

fc) (cis ) -4-Phen yl-L-prolin e, (2 , 2-dimethyl ^10 

x ■ — — ■ — ■ 

oxopropoxy) methyl ester, ^-toluenesulfonic 
acid salt . 

P A- solution of 4 .86 g of (cis ) -4 -phenyl^) 
1- ( ph eny lme thoxy q arbony 1 ) -L-proline , ( 2 , 2-dimethyl^} 
1-oxopropoxy) methyl ester and 2.31 g of toluene- 
sulfonic acid monohydrate in 75 ml of ethyl acetate 
containing 0.5 g of 10% palladium on charcoal 
is shaken on a Parr, hydrogenator at an initial 
pressure of 35 psi of hydrogen for 45 minutes 
(final pressure is 26 psi). The precipitated 
solids, are dissolved with dichloromethane 
and the catalyst is filtered through Celite. 
The filtrate is concentrated iri vacuo and the 
solid residue is triturated with 10 0 ml of 
ethyl acetate, filtered and washed with ether 
to give 4.14 g of the title compound, melting 
point 167-170°C. 
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(jjp ^ ^D) (cis ) -I- I I Hydroxy (,4-phenylbutyl ) phosphinyl ] - 
<^ acetyl ] -4 -phenyl-L-pro 1 ine , (2 , 2-dime thy 1 -1 0 
oxopropoxy) methyl 'ester 

^ A. solution of 1.85 g of [hydroxy (4-phehyl- 

5 butyl ) phosphinyl] acetic acid in 50 ml of dry 

tetrahydrofuran at 0-5°C under argon is treated 

/AJ 

with 1.17 g of carbonyldiimida zole . After 

0 stirring at 0-5°C for 1 hour, 2.0 2 ml of 

N 

tr iethylamine is added followed by the portion-' 
10 wise addition of (cis ) -4 -phenyl -L-proline , ( 2 , 20 

dimethyl -1-oxopropoxy) methyl ester, p-toluene- 
sulfonic acid salt (4.14 g) over a 20 minute ' 
period. An additional 50 ml of tetrahydrofuran 
is added and the mixture is allowed to stir at 

15 room temperature for about 16 hours . Solvent 

is then removed in vacuo and the residue, 
dissolved in ethyl acetate, is washed with 
10% potassium bisulfate, 5% monobasic sodium 
phosphate (three times) and saturated brine. 

20 The organic layer is dried (MgS0 4 ) and concentrated 

in vacuo to give 5 g of crude product. Chromatography 
of 2.9 g of crude on 70 g of silica gel eluted 
(i) with 3.5^5% methanol/dichloromethane yields 
1.5 g of a mixture (ii) with 7.5% methanol/dichloro- 

25 methane yields 0.52 g of homogeneous product. 

Rechromatography of the mixture gives an additional 

^ 0.51 g of homogeneous product. 

1(^3 Anal . Calc 'd . C 29 H 38 NP °7 ' 1 * 5 H 2° : C ' 61 .- 04 ' H ' 7 - 24 '' 
I ■ N , 2.45© ■ 

30 Found: C, 60.75; H, 6.54; N, 2.53^ 
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^K^^ \ ^ Example 5 7 
CC- % (cis ) -I- [ [Hydroxy ( 4-phenylbutyl ) phosphinyl ] - 
acetyl] -4-phenyl-L-proline, 

A solution of (cis)-l- [ [hydroxy (4-phenyl- 
5 {^p butyl ) phosphinyl] acetyl] -4-phenyl-L-proline , 

(2 , 2-dimethyl-l-oxopropoxy)methyl ester (300 mg) : 
is dissolved in 10 ml of 50% aqueous ethanol 
and treated, with 1 . 5 ml of IN sodium hydroxide 
at room, temperature for about 16 hours. The 
10 mixture is diluted with 15 ml of water and 

washed with 4:1 ether/hexane . The organic layer 
is washed with two fresh 10 ml portions of 
water. The combined aqueous layer is acidified 
with IN hydrochloric acid and extracted with 
15 two 50 ml portions of ethyl acetate. The organic 

layer is washed with saturated brine, dried 
(MgS0 4 ) and concentrated in vacuo to give 
150 mg of material. Trituration with ether 
yields 100 mg of product; melting point softening 
starts at 80°C, clear at 120°C, after drying 
in vacuo over phosphorous pentoxide for 5 hours. 
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